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(54) Vertical casting line for slabs 

(57) Vertical casting One for slabs, which comprises 
at least a mould (11), an assembly of foot rols (12) 
located at the outlet of file mould (1 1). a pfciraliiy of con- 
taining and guide assemtfes (13) associated with the 
vertical segment of the One, a possible extraction 
assembly cooperating downstream with the last con- 
taining and guide assembly (13) and a drawing assem- 
bly (16) associated with the horizontal segment of fee 
line, the containing and guide assemblies (13) covering 
at least the whole vertical segment of the casting One, at 
least part of the raOs (14) of the containing and guide 
assembles (13) cooperating wffli actuation means (19) 
governed by a data processing unit (20) to obtain acon- 
troled soft-reduction pre-rolllng at least In the second 
part of the vertical segment of the casting lina 
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Description 

This invention concerns a vertical casting ine for 
slabs, and in particular, lor tfiin and medium sized slabs, 
as set forth in the main claim. s 

To be more exact the invention concerns an 
improved vertical casting ine, which makes possfcle an 
increase of the versatility of the plant and at the same 
time improves the internal and surface quality of the 
cast product to 

The state of the art covers continuous casting 
plants pre-arranged with a vertical casting line to cast 
slabs continuously and, to be more exact to cast 
medium sized and thin slabs. 

The most dweloped state of me art in this field Is is 
shown in Fig.1. 

The continuous casting machines 100 of toe state 
of the art comprise a mould 101, which acts as a former 
for the cast product 108 and is associated downstream 
witfi an assembly of fool rails 102 that contain the prod* 20 
uct 108 emerging. 

The height "a" of the mould, depending on the type 
of product on the material and on other working param- 
eters, is, for example, about 1000 to 1400 mm., whereas 
the height V of the foot rati assembly 102 is about 600 25 
to 800 mm. 

The foot rolls can be replaced by plates or other 
containing elements having the same purpose. 

Downstream of the foot roll assembly 102 are 
included in sequence a plurality of containing and guide bo 
assemblies 103, each of which comprises stationary 
rotary rolls 104 generally of a smal diameter and able to 
limft the product 1 08 laterally during its descent and pro- 
gressive solkffication. 

The containing and guide assemblies 103 normally as 
cooperate with secondary cooling means which speed 
UP completion of the process of solidification of the cast 
product 108. m 

In the example shown the contahriing and guide 
assemblies 103 as a whole cover a height "cT of about 40 
5200 to 5000 mm. 

An extraction assembly 105, which is typically of a 
pinch-rod type, is included in prolongation of the con- 
taining and guide assemblies 103 in the vertical seg- 
ment of the casting fine; the rolls of the extraction 4s 
assembly 105 grip with a given pressure the cast prod- 
uct 108 and accompany H in tfie curvature with which 
the product takes on a substantially horizontal trajec- 
tory. 

The height "e* of the extraction assembly 105 is, in so 
the example shown, about 3800 to 4000 mm. 

A drawing assembly 1 06 is located in the horizontal 
segment of the casting line, which normally coincides 
with the rolling plane, and delvers the product to a sta- 
tion 107 for shearing to size and to successive process- ss 
ing stations. 

The overall height T of the casting ine to the rolling 
plane is about 10400 to 1 1800 mm. 



The present continuous vertical casting technolo- 
gies for the production of slabs provide for bringing the 
solidification of the product 108 to a very high value 
before tfie end, or at about the end, of the containing 
and guide assemblies 103. 

In tNs way tfiere is a sharp reduction of the risk of 
bulging of the skin of the stab 108 owing to the inclusion 
of a free segment of a height id" of about 300 to 500 
mm. between the containing and guide assembfies 103 
and tfie extraction assembly 105, and to the action of 
the rolls of the extraction assembly 105 on the slab 108 
and to the hydrostatic pressure exerted by the liquid 
core. 

The continuous casting machines of the state of the 
art, such as the macNnelOOof Rg.1, do not provide for 
the position of tfie kissing point, namely the zone where 
the two soMfled skins begin to weld themselves to 
each ottier, to be able to be made variable and to be 
conditioned in a desired manner by a controlled varia- 
tion of the casting parameters. 

In such machines of the state of tfie art the position 
of tiie kissing point is the natural one and depends sub- 
stantially on the type of steel cast, so that, given equal 
materials cast, the kissing point is located at about a 
substantially fixed point 

instead, the present applicants have ascertained 
for some time now (see EP-A-0625388) that so as to 
have a good quality of cast product particularly with thin 
dabs, it is necessary that the longitudinal position of the 
kissing point can be made variable, even continuously, 
by controing and possibly altering continuously tfie 
casting parameters. 

In this way, depencBng on the type of steel cast it is 
possWe to vary the longitudinal position of the kissing 
point so as to achieve the best result 

EP-A-0625388 teaches also the acfustment of the 
position and the speed of the roils of the containing and 
guide assembles 103 according to the continuously 
monitored casting parameters in order to obtain a con- 
trolled pre-rofling. or soft reduction, of the slab thus 
exploiting tie inclusion of the fiqukJ core and the charac- 
teristics of plastkty of the 60tm^ 

This feature of the method not only ensures opera- 
tional advantages In the structure of the crystaffiser and 
discharge nozzle as shown in the above document but 
also enables a refining of the structure of soficfficafion of 
the metal and the elimination of the central segregation 
in the slab to be achieved. 

Moreover, the versatility of the machine is 
increased considerably and the extraction speeds which 
can be achl eved can be much greater. 

However, this result entais an optimum length of 
soft reduction, as measured from tfie outlet of tfie 
mould, and this length has to be calculated on each 
occasion and can take on great values sometimes. 

As we said, the kissing point in the embodiments of 
the state of the art has, instead, to remain within the 
containing and guide assemblies 103 or, at the most to 
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be immediately therebetouc thus limiting strongly the 
versatifty of the plant and the extraction GpeecL 

The present appficcnts have deigned and tested 
this invention to overcome these sh or tc om i n gs of tie 
most developed stats of the art of continuous vertical s 
casting and to achieve further advantages. 

This hivention ts set forth and characterised in the 
main claim, whOe tfie dependent claims describe vari- 
ants of the idea of tfie main embodiment 

The purpose of fl» Invention is to embody a vertical 10 
continuous casting Ene for slabs, and in partiaJar for 
thin and medium Gized stabs, in which ft is possirfe to 
achieve a great versatitity of the plant and a liij/h sxtrao 
tion speed, and therefore a high output of the plant and 
to obtain at the same time a good internal and surface 15 
quality of the product 

Another purpose is to embody the improved vertical 
casting fine without altering the coi tfomiaU on and 
an an gem en t of the majority of the elements constituting 
the continuous vertical casting machine, thus making 20 
the adoption of the line according to the invention 
advantageous in terms of investment too. 

This improved vertical casting One cart therefore be 
incorporated in any pre-existing plant without major 
structural changes or dtfficutt adaptations. ss 

According to the invention the containing and guide 
assembles having the task of p oss ib le controlled pre- 
roing and therefore of soft reduction of the slab leaving 
the mould take up at least the whole vertical segment of 
the casting 6na so 

In this case, accenting to the invention, the kissing 
point can be displaced longitudinally as desired along 
the whole vertical segment of the line and also therebe- 
yond, depending on the type of steel cast and the other 
processing parameters. ss 

According to the invention the position of the extrac- 
tion assembly Is towered so as to cooper a t e at least with 
the beginning of the curve which the dab carries out to 
arrive from the vertical casting planer to the horizontal 
rofing plana 40 

This ensures for the cast product a long space and 
therefore a long time to complete the solidification proc- 
ess before coming into cooper a tion with the gripping 
rote of the extraction assembly. 

By means of the soft reduction, which is carried out <s 
at least in foe second vertical segment of the casting 
Gne, but advantageously along the whole vertical part, 
the thickness of the cast product is progressively 
reduced by making use advantageously of the presence 
of the liquid core, which makes possble the use of linv so 
Red roifing forces which can be supported by the rolls of 
a small diameter of foe containing and guide assem- 
blies. 

According to the invention the Mssing point can be 
displaced as desired as far as tfie outlet from the last ss 
containing and guide assembly, so that the product 
coming into cooperation with the e xtraction assembly 
positioned at least at the beginning of foe curvature win 
have a stable and strong enough internal structure to 



obviate the bulging and deformation effects caused by 
contact with the extraction rolls. 

Moreover, accenting to foe invention tie rods of foe 
last containing and guide ass&ribfy are located at a 
position extremely near to the first extraction ral, so that 
no relaxation of foe soMfisd skin nor surface deforma- 
tions or tensions are permitted up to lie moment of the 
departire of the cast product from tfie last contaWng 
and guide assembly. 

According to a variant the extraction assenrtofy Is 
replaced by a plurality of con taini ng and guide assem- 
blies arranged along the whole arc of tfie curve followed 
by foe product substantially up to tfie vicinity of foe 
drawing assembly placed horizontally on foe roifing 
plana 

This makes possUe a further prolongation of foe 
solidification process with a resulting greater versatffity 
of the plant 

In fact this situation enables the Mssing poht to be 
movea to a oe&reo long zone immeoKttefy upstream or 
foe h oriz o nta l cfrawing assembly and a desired control- 
ted soft reduction to be carried out on the cast product 

The attached figures are given as a non-restrictive 
example and show some preferred embodbnents of the 
invention as follows: - 



Rg.1 
Rg.2 

Rg.3 



shows a continuous vertical casting fine for 

slabs of the state of the art; 

shows a first embodiment of the continuous 

vertical casting tine for slabs according to the 

invention; 

shows a variant of Rg.2. 



Continuous casting machines 10a and 10b shown 
In Rgs.2 and 3 have an extent of height T of a value of 
about 10800 to 11800 mm., which can be compared 
substantfaly to that of foe continuous casting machine 
1 00 of the state of the art, and employ a mould 1 1 which 
can be whofty analogous to foe mould 101 of Rg.1. 

According to the invention a foot rol asserrtly 12 
having a very modest height V of about 150 to 250 
mm Ss included downstream of the mould 11. 

The foot rod assembly 12 can be replaced by 
plates, strips, or other analogous containing, elements. 

A pluraftty of containing and guide assemblies 13, 
foe rolls 14 of which imit a dab 18 laterally during Its 
descent and exert at the same time a controlled pro-roll- 
ing action (soft reduction) at least along the second ver- 
tical segment of the casting One, is included immediately 
downstream of the foot roll asset? iiy 12. 

So as to perform tfiis task, the rolls 14 of foe assem- 
blies 13 cooper a te individually or in groups with actua- 
tion means 19 governed by a data processing unit 20 
(shown for the sakB of convenience in Rg.2 only), which 
controls oontiruously the casting parameters and 
acf uste foe positions and speeds of the rolls 1 4 in rela- 
tion to the slab 18. 

This data processing unit 20 can also perform other 
tasks relating to the control of the oonfkmous 
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method, such as, for instance, the coordination between 
the working of the mould 11 and the actuation of the 
rolls 14, the governing of the position of the containing 
and guide assembfies 13 by the type of material cast 
the continuously monitored temperatures, the speed of 
extraction, etc 

The containing and guide assenrtfies 13 cooperate 
with secondary cooling systems, which are not shown 
here but assist the progressive corr^efion of the sofkfi- 
fication process. 

In the example of Ftg.2 the containing and guide 
assemblies extend along a height V of about 6800 to 
7200 mm. so as to cover substantially the whole vertical 
segment having a height T of about 8000 to 6800 mm; 
of the casting fine 10a. 

In feet, the extraction assembly 15 is positioned at 
least beyond the zone of the beginning of the arc of a 
drcumference followed fay ttie slab 18 in moving from 
the vertical casting position to the horizontal rolling posi- 
tion. 

The last containing and guide assembly 13a has its 
rolls 14 extending to a position extremely near the rolls 
1 7 of the extraction assembly 15. 

The position of the kissing point may be extended In 
this way along all the containing and guide assemblies 
13, ftat is to say, along the whole vertical part of the 
casting Itna 

In other words, the position of tfie Wssfng point can 
be varied as desired in relation to identification of its 
best value at least along the whole vertical part of the 
casting line and also in a zone immediately beyond ttiai 
vertical part 

The liquid core within the slab 18 Is always control- 
led since tfie rolls 14 exert a Gmrted and substantially 
continuous pressure Inasmuch as the very limited 
space between the engagement surface of one rod 14 
and that of the next roll 14 does not allow the solidified 
skin to become deformed or to bulge under the thrust of 
that liquid core. 

The lowering of the extraction assembly 15 pro- 
vides the dab 18 with an ample zone to carry out the 
progressive solidification process before coming Into 
cooperation with the rods 17 of the extraction assembly 
15. 

In this case the extraction rolls 17 have a first cast- 
ing position 17a and a 6econd position 17b for extrac- 
tion of ttie starter bar andrbr for sampling. 

In the final segment of the curvature of the trajec- 
tory performed by the slab 16 is included a drawing 
assembly 16, which sends the slab 18 for shearing and 
to the successive processing stations. 

According to the variant shown in Rg.3 there is a 
plurality of containing and guide assemblies 13b which 
accompany the slab 18 along fre who! arc of the cir- 
cumference travelled to reach a horizontal position. This 
embodiment enables the position of the Mssing point to 
be displaced to the vicinity of tfte drawing assembly 16. 

This situation is possible since the containing and 
guide assemblies 13b, having a structure substantially 



analogous to that of the containing and guide assem- 
blies 13, can act on the slab 18 still containing a liquid 
core without entailing the shortcomings mentioned 
above. 

With this erribodiment the versatifity of the plant can 
be considerably Increased and the soft reduction can be 
made more effective since it is spread along a very 
extended zona 
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Vertical casting ine for slabs, which comprises at 
least a mould (11), an assembly of foot ro8s (12) 
located at the outl et of the mould (1 1 ), a plurality of 
containing and guide assemblies (13) associated 
with the vertical segment of the Ine, a possible 
extraction assembly cooperating downstream with 
the last containing and guide assembly (13) and a 
drawing assembly (16) associated with the horizon- 
tal segment of the line, tie casting fine being char- 
acterised in that the containing and guide 
assemblies (13) cover at least the whole vertical 
segment of the casting line, and in that at least part 
of the rolls (14) of the containing and guide assem- 
blies (13) cooperate with actuation means (1 9) gov- 
erned by a data processing unit (20) to obtain a 
controlled (soft-reduction) pre-roHing at least in the 
second part of the vertical segment of the casting 
line. 

» 

Casting Ene as in Claim 1 , in which the roils (1 4) of 
the containing and guide assemblies (13) are suita- 
ble to carry out a controlled (soft reduction) pre-roO- 
ing along the whole vertical segment of the casting 
fine. 

Casting line as in Claim 1 or 2, in which the last ele- 
ment of the last containing and guide assembly 
(13a) has a relationship of close vicinity to the first 
element of the extraction assembly (15). 



4. Casting ine as in any claim hereinbefore, in which 
the containing and glide assemblies (13b) extend 
to the vicinity of the horizontal drawing assembly 

45 (16). 



60 



66 



4 




5 



EP0743116A1 





EP 0743 116 A1 




EUROPEAN SEARCH REPORT 



EP 96 18 6348 



tCUMENTS CONSIDERED TO BE RELEVANT 



R 
to 



CLASSFIGATEON QF 
AmiCAnONChtCU» 



A,D 



EP-A-0 625 388 (DANIELI & C.OFFICINE 
MECCHAHICE S.P.A.) 

* claims 1-34; figures 1-5 * 

EP-A-0 539 784 (DANIELI & C. OFFICINE 
HECCANICHE S.P.A.) 

* claims 1-3; figures 1-3 * 

EP-A-0 450 391 (SMS SCHLOEMANN-SIHAG AG) 

* the whole document * 

EP-A-6 329 639 (HULEK A.) 

* claims 1-19; figures 1-5 * 



The 



drawa vbrd 



B22D11/12 



B220 
B21B 



THE HAGUE 



9 July 1996 



Mail Hard, A 



3 
i 

Si 
i 



catecoky or cmo DOCUMENTS 



Y: ^iidufajty 

Ax 
Ox 
Pi 



jf tift« 



E i mdkm p*mt <imm, fat urtfoH «a, 



wCtk 



sit* Cat ffllq fata 
D:faml<Mli«i 
LxfecaMtdCaiiar 



At 



•rtw 



attaal 



7 





4 

\ 



